Objective. In cancer patients, cigarette smoking causes poorer response to treatment, treatment toxicity, increased risk of recurrence, higher surgical complication rates, and poorer overall survival. As such a significant determinant of patient prognosis, accurate classification of current smoking status is important. Selfreported smoking status may lead to misclassification if patients conceal their true status. The purpose of this study was to assess the validity of self-reported tobacco use during the previous 48 hours in head and neck cancer patients on the day of surgery.
Introduction
For the first time, the 2014 Surgeon General's Report reached the conclusion that cigarette smoking in cancer patients is a cause of adverse outcomes such as treatment toxicities, increased risk of recurrence, and death. 1 These important adverse consequences of continued cigarette smoking in cancer patients make it clinically imperative to accurately determine whether or not a patient is a current cigarette smoker.
The most straightforward and informative way to assess smoking status is via patients' self-report using well-defined tobacco use questions. However, the validity of self-reported smoking in cancer patients has been questioned on the grounds that smokers tend to conceal it. The extent to which cancer patients falsely report their smoking can be measured by comparing biochemical measures of smoking to selfreported smoking status. A small but growing literature on the accuracy of self-reported smoking in populations of cancer patients indicates that the accuracy of self-reported smoking status, particularly among self-reported nonsmokers, may be suspect. [2] [3] [4] [5] [6] [7] [8] For example, in prior studies of cancer patients, the rate of smokers reporting that they were not smokers (ie, false-negative rate) has ranged from 20% to 50%. [2] [3] [4] [5] [6] This prior evidence indicates there is value in evaluating ways to improve the measurement of smoking in the clinical setting. However, the evidence for the routine use of biomarkers of tobacco use within the clinical setting is currently insufficient to make evidence-based recommendations. Given the existing uncertainty around these issues, the present study was carried out to assess the validity of selfreported recent tobacco use in a population of head and neck cancer patients presenting for surgical intervention.
Methods

Study Population
This study was conducted at 2 academic medical centers, the Medical University of South Carolina and Wake Forest University, with Institutional Review Board approval at both sites. To be eligible, patients had to be 18 years of age, diagnosed with a new or recurrent stage I-IV squamous cell carcinoma of the upper aerodigestive tract, and scheduled to undergo a major surgical procedure (ie, tumor resection with or without neck dissection and/or reconstruction). A total of 108 patients who completed study activities were recruited from head and neck cancer clinics from June 2011 through October 2012. All potential participants were informed that they would be asked to complete 2 data collection activities the day of surgery, including (1) a brief 5minute survey to ask about their recent use of tobacco and nicotine replacement therapy and (2) providing a urine specimen to test for cotinine. Participants were told that cotinine is a byproduct of tobacco. Patients were informed that the purpose of the urine sample collection was to obtain an objective measure of tobacco use and exposure. The transparency in the protocol concerning informing patients about the procedures used to validate self-reported smoking with a biochemical test should translate well to cotinine testing in the clinical setting as it facilitates the subsequent clinicianpatient discussions for patients who self-report no current tobacco usage but who test positive for cotinine at levels consistent with current active tobacco use.
Participants completed a baseline questionnaire before surgery as part of a larger longitudinal study 9 that assessed smoking history and a variety of demographic, clinical, psychological, and behavioral factors. The data for this report largely rely on information collected when, prior to entering the operating room, the patients completed a brief survey assessing their self-reported tobacco use in the prior 48 hours. Items were used to assess (1) use of combustible tobacco products (cigarettes, cigars, pipes) or smokeless tobacco products (chewing tobacco, snuff, snus); (2) use of nicotine replacement therapies (NRT) (patch, gum, or inhaler); (3) exposure to secondhand smoke (SHS) in the home, workplace, or car; and (4) notes taken to document the use of electronic cigarettes (e-cigarettes). A urine sample was collected pre-or intraoperatively to measure urinary cotinine concentration.
Biochemical Measurement of Recent Tobacco Use: Urinary Cotinine Measurement
Urinary cotinine concentrations were used as the biomarker of tobacco use against which self-reported tobacco use was compared. Cotinine is a principal metabolite of nicotine. Cotinine has a half-life of approximately 20 hours 10 but is detectable for longer time windows due to its low rate of excretion. Thus, assessment of tobacco/nicotine use was specifically limited to self-reported use within the preceding 48 hours. Cotinine is specific to nicotine exposure but does not distinguish between routes of administration either via tobacco (smoked, chewed, SHS) or via NRTs or vaporized nicotine delivery devices. SHS exposure can result in cotinine concentrations similar to those seen in low frequency smokers. 11, 12 To account for this, the study patients were asked about tobacco use, SHS exposure, and NRT use. Secondhand exposure to the vapor from e-cigarettes results in cotinine concentrations similar to secondhand tobacco smoke exposure, 13 but this was not accounted for in the present study, except when offered by the patient. For purposes of the present study, SHS exposure is relevant to the extent it could result in cotinine concentrations consistent with active tobacco use in a patient who is not a current tobacco user but not for purposes of distinguishing between non-current tobacco users who were and were not exposed to SHS.
The patients' urinary cotinine concentration was immediately tested after the sample was retrieved using NicAlert (Nymox Pharmaceutical Corporation, Hasbrouck Heights, New Jersey, USA). Urine sample collection was used to overcome potential challenges in the collection of saliva in head and neck cancer patients with xerostomia. 14 NicAlert provides a test strip that is dipped into the urine, whereby a colorimetric immunoassay test generates a semi-quantitative (ie, ordinal) measure of cotinine concentration with values ranging from 0 (0-10 ng/mL) to 6 (1000 ng/mL). The cutoff point for distinguishing a positive from a negative test for tobacco use in the past 48 hours was 3 (100 ng/ mL) as per manufacturer's instructions. The results of validation studies that compared NicAlert using a cutoff value of 3 compared to GC/MS or LC-MS/MS assays that used a cutoff of 50 or 100 ng/mL have usually yielded estimates of sensitivity and specificity 90%. [15] [16] [17] [18] 
Statistical Analysis
Descriptive statistics were used to characterize the study population. The validity of self-reported smoking status was assessed using the urinary cotinine values as the ''gold standard'' to assess the sensitivity, specificity, and positive and negative predictive value of self-reported smoking. Exact 95% confidence intervals around these proportions were calculated.
Results
Participants were an average age of 59 years and predominantly male (74%) and non-Hispanic whites (81%). The most common primary tumor sites were oral cavity (39%), hypopharynx/larynx (29%), and oropharynx (24%). Fortyone percent of participants presented with recurrent or persistent disease; the majority (53%) of the patients were diagnosed with stage IV disease, with 19%, 8%, and 20% diagnosed with stage I, II, and III disease, respectively.
Validity was assessed by comparing self-reported use of combustible or smokeless tobacco products during the past 48 hours to the results of the urinary cotinine test, which was taken to be the gold standard. Among the 46 patients who were classified as positive for tobacco exposure based on urinary cotinine concentrations, 28 self-reported recent tobacco use (true-positives), and 18 reported no tobacco use in the past 48 hours (false-negatives), yielding a sensitivity for self-reported smoking of 60.9% (95% CI, 45.4%-74.9%) ( Table 1 , part A). Among the 62 patients who were classified as negative for tobacco exposure based on urinary cotinine concentrations, 61 reported no recent tobacco use (true-negatives), and 1 reported tobacco use (false-positive), yielding a specificity for self-reported smoking of 98.4% (95% CI, 91.3%-100.0%). Predictive values are a function of the prevalence of the outcome in the study population, but at least under the circumstances of this study, the high specificity translated into a high positive predictive value for self-reported tobacco use (96.6%; 95% CI, 82.2%-99.9%), whereas the low sensitivity resulted in a relatively low negative predictive value for self-reported non-use of tobacco (77.2%; 95% CI, 66.4%-85.9%). The prevalence of patients with recurrent disease in the study population was substantial; we hypothesized patients with recurrent disease would have a greater degree of underreporting of smoking than those with a first-time diagnosis. The data did not strongly support this hypothesis, however, as the sensitivity and specificity among patients with recurrent disease were 56.3% and 96.4%, respectively, and thus differed only slightly compared with 63.3% and 100% among those with a first-time diagnosis.
Reasons other than false reporting of recent tobacco use could have contributed to a false-negative classification. A patient who honestly reported non-use of tobacco during the previous 48 hours could still have tested positive on the cotinine test because of exposure to nicotine via exposure to SHS or use of NRT or e-cigarettes. We thus reassessed the data using as the outcome self-reported nicotine exposure to include other sources of nicotine (including NRT, e-cigarettes, and SHS exposure). Among those who reported no tobacco use (N = 79), 13 reported SHS exposure, 1 reported NRT use, and 1 reported e-cigarette use; of these 15 individuals exposed to nicotine, 7 had a positive cotinine test. Classifying these 15 individuals who reported no tobacco use but did report exposure to SHS or other sources of nicotine use as positive for nicotine exposure (Table 1, part B) , the sensitivity increased from 60.9% to 76.1% (95% CI, 61.2%-87.4%), and the specificity dropped from 98.4% to 85.5% (95% CI, 74.2%-93.1%). This resulted in a lower positive predictive value (79.6%; 95% CI, 67.6%-91.5%) and higher negative predictive value (82.8%; 95% CI, 71.3%-91.1%) for nicotine exposure compared to active tobacco use.
Discussion
The validity of the measurement of tobacco use in head and neck cancer patients is an important issue due to the numerous serious adverse health consequences of continuing to smoke after diagnosis. 1 In the present study, 39% of head and neck cancer surgical patients tested biomarker-positive even though they denied use during the past 48 hours. Even after using nicotine exposure as the outcome to allow for the fact that SHS exposure and NRT and e-cigarette use can lead to a positive cotinine test, 24% of patients were still classified as false-negatives. Such major errors in the classification of patient smoking status could have important implications for response to treatment, clinical course of the disease, and ultimately survival. 1 Further, misreporting of smoking status could decrease opportunities for referral of patients who currently smoke to cessation support services. 19 Studies have been conducted of surgical outcomes in head and neck cancer surgical patients that compared smoking status measured by self-report versus biochemically measured current smoking status. The cotinine biomarker was observed to yield a much stronger association than self-reported smoking status with wound complications following surgery in 1 study, 20 but in another similarly designed study, self-reported smoking status was observed to be a stronger predictor of poor outcomes than the cotinine biomarker because former smokers tended to have poorer outcomes than never smokers. 9 These previous studies highlight the importance of correctly classifying current smoking status, with an emphasis on the fact that a patient's past smoking history also provides important clinical information that is complementary to biochemical measurements.
The results of the present study are closely aligned with prior published reports from similarly designed studies in cancer patients, suggesting the relatively common occurrence of false-negative reports of recent tobacco use in the present study seems to reflect the usual degree of reporting error in self-reported smoking seen in patients in the clinical setting. In studies that used serum cotinine as the biomarker of tobacco exposure, estimates of sensitivity have ranged from 50% to 80%, 2-6 and estimates of specificity have been 93% 2,3,5,6 except in 1 study where specificity equaled 80%. 4 Four of these 5 studies were in head and neck cancer patients, [2] [3] [4] [5] and the remaining study was in newly diagnosed breast, lung, and prostate cancer patients. 6 In 2 studies of head and neck cancer patients, when salivary cotinine was used as the biomarker of tobacco use values of sensitivity of 90% 7 and 94% 8 were observed. These values of sensitivity were markedly higher than in our study of urinary cotinine or the studies based on serum cotinine noted previously while still retaining similarly high values for specificity. The reasons for the discrepancy in the results between the studies that measured saliva cotinine compared to urine or serum cotinine are uncertain, but holding other factors constant, the fact that the sensitivity of self-reported smoking appears to be more accurate when saliva cotinine is used as the gold standard suggests that saliva cotinine is likely a less optimal gold standard than urine or serum cotinine. Thus, when the evidence base on the accuracy of self-reported tobacco use among head and neck cancer patients based on the results of serum and urine-based cotinine studies is considered in total, the present study adds to a growing body of evidence 2-5 indicating that the accuracy of self-reported current tobacco use is suboptimal among head and neck cancer patients.
There is an extensive literature on the classification of smoking status in the general population of adults and among youths. However, from this vast literature, the present study focuses on the classification of smoking status in the oncology clinical setting with a specific focus on head and neck cancer patients. Compared with the general population, important differences seen in the head and neck cancer patient population are the high prevalence of tobacco use and the higher rates of underreporting of current tobacco use. Given the unique characteristics of the head and neck cancer patient population compared to the general population, it is important to have studies that focus specifically on head and neck cancer patients, of which there is a small pool of studies that have provided data on this specific topic. The literature on this specific topic consists of 6 prior studies. Compared with these 6 prior studies, what makes the present study unique is the following: (1) assessment of tobacco use and biomarker collection on the day of surgery;
(2) restricting self-reported current smoking to 48 hours, a time window that corresponds to nicotine clearance rate (ie, half-life of cotinine); (3) accounting for other factors such as SHS exposure and NRT use that could result in falsenegative tests; and (4) real-time on-site assessment of urinary cotinine using a clinic-friendly test that gives rapid results and is easy to use in the clinical setting.
The study also had limitations. We were able to control for some factors that could contribute to discordant classification of smoking status between self-report and biochemical measures, such as SHS exposure and NRT, but other products such as vaporized nicotine delivery devices (eg, e-cigarettes) that could have interfered with correctly classifying patients' smoking status were not uniformly ascertained for either active or passive exposure. Both active and passive exposure to vaporized nicotine results in elevated cotinine concentrations. 13, 21, 22 Thus, patients who self-reported no recent tobacco use but had actively or passively been exposed to the vapor from vaporized nicotine delivery devices could have erroneously been classified as false-negatives. E-cigarette use is escalating, but overall prevalence is still very low, 23 so this is unlikely to have materially impacted the results. Nonetheless, the rapidly changing marketplace for nicotine delivery products necessitates cataloguing patients' active and passive exposure to a growing list of products.
Focusing on a narrow 48-hour time window that coincides with the half-life of cotinine was a study strength. However, the possibility remains that some false-negative classifications could have been due to patients whose most recent use of tobacco products was just beyond the 48-hour time window still having detectable cotinine levels. Previous studies that longitudinally measured urinary cotinine in smokers in the days after they stopped smoking have observed that urinary cotinine can sometimes remain in the elevated range for 4 days or longer. 24, 25 In the future, this issue can be more precisely addressed by asking recent tobacco users specifically about the timing of their most recent tobacco use. For example, resolution of this issue could be achieved if questions asked specifically about the previous 48, 72, and 96 hours.
All tests, even the so-called ''gold standard'' tests, are subject to measurement error. Thus, a portion of the observed misclassification could have been potentially contributed by the NicAlert test. The manufacturer of the NicAlert test lists on their webpage that the sensitivity and specificity of the NicAlert test at a concentration of 100 ng/ ml in urine is 87% and 100%, respectively. These webpage results do not conform to the results of validation studies published in the peer-reviewed literature that compared NicAlert using a cutoff value of 3 (as in the present study) compared to GC/MS or LC-MS/MS assays that used a cutoff of 50 ng/ml or 100 ng/ml. These peer-reviewed studies have, with 1 exception, yielded estimates of sensitivity and specificity 90%. [15] [16] [17] [18] The exception was the study of Acosta et al, 24 that yielded a sensitivity of 98% but a specificity of only 58%. The results of Acosta et al 24 notwithstanding, the overall excellent validity established for the NicAlert test along with the fact that any errors would be expected to be nondifferential with respect to reporting of smoking status suggest that errors introduced by the NicAlert test likely would have at most only a minor impact on the study findings.
Conclusions
The results of the present report reinforce the growing body of evidence indicating there is substantial underreporting of current smoking status in head and neck cancer patients. Similar results would be expected for other smoking-caused malignancies, but this needs further evaluation. The importance of accurately assessing smoking status on patient prognosis and the degree of underreporting of current smoking status observed in this and other studies provide support for incorporating biomarkers of tobacco use into the clinical care of head and neck cancer patients.
